invasive outpatient therapy [12] . SBRT is typically used to treat small, early-stage tumors of the lung, or isolated recurrences or metastases from various types of cancer in lung, liver, adrenal gland, spine, etc. Several retrospective studies have shown promising results of SBRT in treatment of primary HCC, however, there are only a few reports on treatment of HCC-PVTT using SBRT. First, in a phase I study of 31 patients with Child-Pugh A large (median volume 173mL) unresectable HCC (14 patients had PVTT), patients who received SBRT for a total dose of 24-54 Gy (median dose 36 Gy) in 6 fractions had the median survival of 11.7 months (11.6 months for patients with PVTT and 17.2 months for patients with no PVTT), 1 year local control of 65%, and overall survival rate of 48%, while no radiation-induced liver disease (RILD) or treatment-related grade 4/5 toxicity was seen within 3 months [13] . Notably, RILD was considered a treatment limiting toxicity of conventional radiation treatments in HCC. Second, in a retrospective study (the median follow up was 10.5 months) of 31 patients with HCC [14] , 9 patients with PVTT received SBRT combined with TACE, while 22 patients with small (5cm) non-resectable HCC were given SBRT only. The results revealed that the overall response rate for small HCC and advanced HCC with PVTT was 82.6% (CR: 26.1% and PR: 56.5%) and 44.4% (CR: 11.1% and PR: 33.3%), with the median survival of 12 and 8 months, respectively. It was also noted that no patient experienced Grade 4 toxicity.
Thus, it remains to be defined whether individual -ray SBRT is feasible, safe and effective in treatment of patients with HCC-PVTT. In order to expand the use of SBRT as an effective therapy for patients with HCC-PVTT who have very poor prognosis, we evaluated the response rate, survival, toxicity, and potential predictive factors in 54 patients with HCC-PVTT treated with -ray SBRT.
Materials and methods

Patient eligibility
In this retrospective study, data were collected from the Tumor Radiotherapy Center of Fuzhou General Hospital, Fujian, China. Total of 68 consecutive HCC-PVTT patients were treated with -ray SBRT between May 2008 and December 2011. 54 Patients were included in this study after retrospective review with institutional review board approval. The criteria for patients to be included in the study were as follows: (a) 18 years or older; (b) unresectable HCC with tumor thrombosis in the main and/or first branch of the portal vein; (c) Child-Pugh Class A or B; (d) Eastern Cooperative Oncology Group (ECOG) performance score 0 -2; and (e) no other treatment modalities being indicated. All patients had contrast-enhanced computed tomography (CT), magnetic resonance imaging (MRI) and/or positron emission tomography (PET) of abdomen. Blood tests included hepatitis B surface antigen, antibodies to hepatitis C, serum alpha-fetoprotein (AFP), serum albumin, and total bilirubin. HCC was diagnosed by cytological/histological evidence, one radiological image showing characteristic features of HCC together with an elevated serum alphafetoprotein (AFP) level ( 400 ng/ml), or at least 2 radiological images showing characteristic features of HCC. Written informed consent was obtained from all patients before treatment with -ray SBRT.
Treatment
SBRT was administrated using the total body gamma ray stereotactic radiotherapy system (OUR company, Shenzhen, China). Briefly, patients were immobilized by vacuum bags and underwent CT scan in supine or prostrate position. The CT data were transferred to the SBRT Treatment Planning System (SGI, Southeast University, China). The body surface, tumor (including PVTT) contour, and some important normal tissues were reconstructed to display three-dimensional (3D) representation. The clinical target volume (CTV) is defined as a macroscopic volume of tumor that includes the PVTT with 0.5 -1.0 cm margins. The planning target volume (PTV) was created by symmetrically expanding the CTV by 0.5 cm. The position, number and size of focused fields were elaborately selected to enhance the dose for the PTV but minimize both the dose for normal tissues and irradiated volumes. The generated dosevolume histogram (DVH) and isodose curves were used to evaluate the treatment planning. Dose prescription depends on the isodose curves that encompass the PTV. The PTV should be at least encompassed by 50% isodose curve in a qualified SBRT treatment planning. Therefore, dose prescription was normalized at 50-80% isodose curve normally. The total dose of 32.4 -54.0Gy were delivered in 6 -13 days, with fractional dose of 2.6-6Gy. If the PTV was adjacent to duodenum, fractional dose and total dose were restricted comparatively lower at 2.6-3.0Gy and 32.4Gy-38.4Gy, otherwise, fractional dose and total dose were 3.1-6Gy and 39.3-54Gy respectively. All patients have one day of rest after every 6 consecutive fractions of treatment. Verification films were taken to verify the tumors localization and patients position before SBRT.
Evaluation of response, survival, and toxicity
Patients were assessed for complete blood counts (CBC) and liver function tests weekly during treatment. Tumor and PVTT response within RT field were based on CT and/ or MRI scans 4 to 6 weeks after completion of treatment and 1 to 3 months intervals thereafter. Complete response (CR) was defined as complete disappearance of tumor and PVTT, partial response (PR) as a more than 30% reduction in the greatest diameter of tumor and PVTT, progressive disease (PD) as a more than 20% increase in the greatest diameter of tumor and PVTT, and stable disease (SD) as neither PR nor PD criteria is met. CR or PR was defined as objective response. The overall response (OR) rate was calculated by summing the rates of CR and PR. Survival time was estimated from the start of SBRT to the date of death or the last follow-up.
Acute and late toxicities were respectively assessed using the National Cancer Institute (NCI) Common Toxicity 
Statistical analysis
Overall survival (OS) rate was calculated by the KaplanMeier method. The log-rank test was used to identify the predictive factors for survival. For multivariate analysis to evaluate the relation between the OS and various parameters, the stepwise procedure was performed using the Cox regression model. Differences of P0.05 were considered as statistically significant. Statistical analyses were conducted using the SPSS 16.0 statistical software package.
Results
Patient characteristics
Characteristics of patients and PVTT are summarized in Table 1 . The median age of patients was 54.6 yr (range, 
PVTT response
Among 54 patients, CR was achieved in 6 patients (11.1%) and PR in 25 patients (46.3%), with overall objective response rate of 57.4% (Table 2 ). 23 patients (42.6%) displayed SD, while no PD was observed. Figure 1 shows the CT images before and after SBRT for a representative patient who was classified as a CR, in which no tumor recurrence was observed within the irradiated field in the liver after 13 months. Although tumors appeared in the livers of 19 patients during 0.4 -2.1 years after completion of -ray SBRT, all newly-appeared tumors were found outside the irradiated fields. 
Survival outcomes
The follow-up period ranged from 3 to 37 months (median 11 months) and 11 of 54 (20.4%) patients were still alive at the time of last follow-up. 2 patients lost contact. Kaplan-Meier survival analysis indicated that the median survival was 10.7 months (range 6.3 to 34.4 months, Figure 2 ). The actuarial 1-year and 2-year overall survival rates assessed by the Life Tables Survival Analysis were 33.4% and 13.6%, respectively.
The median survival in the patients with tumor plus PVTT size  50mm or  50mm was 11.9 and 9.6 months, respectively. The patients with tumor plus PVTT size  50mm had a significantly higher median survival (P  0.02, Figure 3) . A Cox regression analysis was then performed to determine the prognostic factors for survival. The results indicated the potential prognostic factors for survival included ECOG performance status (0-1 vs. 2, 13.1 vs. 7.9 months, P  0.04), Child-Pugh score (A vs B, 11.7 vs. 9.8 months, P  0.05), PVTT location (left or right branch only vs. main PV plus at least one of either left or right branch, 13.2 vs. 8.4 months, P  0.05), lesion size( 50mm vs. 50mm, 11.9 vs.9.6 months, P  0.02).
Toxicity
Overall, treatment was well tolerated, with no radiationinduced liver disease (RILD) or late complications observed during the median eleven-month follow-up period (3 -37 months) after SBRT. Grade 1-2 acute gastrointestinal toxicity (e.g., appetite loss, vomiting, and diarrhea) were observed in 12 (22.2%) patients. 
Discussion
HCC complicated with PVTT indicates that the disease is in an advanced stage [15] . The presence of PVTT is an extremely poor factor for prognosis of HCC [16] . It also represents an obstacle to the currently available therapies [17, 18] . For example, surgical resection is one of the options to treat HCC-PVTT patients [19] . Minagawa et al reported the 5-year survival of HCC-PVTT patients after surgery was 10-30% [20] . However, only highly-selected patients are eligible for surgery [21] [22] [23] . Most patients are not suitable for surgical therapy due to the risk of post-operative liver failure and the early recurrence of disease. Another therapy for patients with HCC-PVTT is TACE [24, 25] , while there is a little effect on PVTT and thus outcomes are usually not satisfied [26] [27] [28] .
HCC used to be considered radioresistant. However, recent clinical studies indicate that HCC is actually a radiosensitive type of cancer [29, 30] . Radiotherapy is also being used to treat HCC-PVTT [31] [32] [33] [34] , and has exhibited promising results. The most important issue in radiotherapy for HCC-PVTT is to keep normal liver tissue not to be irradiated, which would otherwise lead to liver failure particularly in HCC patients with poor liver function. SBRT is a radiotherapy that delivers preciselytargeted radiation at much higher doses on tumor tissues. The article by Bujold et al. [35] adds the evidence to the theory that SBRT represents an optimal treatment for HCC-PVTT.
In the current study, the response rate, overall survival rate, prognostic factors for survival and toxicity of 54 HCC-PVTT patients treated with SBRT were retrospectively analyzed. Although the median survival in this study (10.7months) was shorter than HCC-PVTT treated with transplantation [36] , all the outcomes were comparable with other (including surgery) approaches [37] [38] [39] .
Importantly, there are no progressive disease and severe toxicity observed in our study. The reason might be that the advantage of -ray SBRT can easily meet the requirement of keeping enough normal liver not to be irradiated. Because 30 beams of -ray are all focused on the tumor tissue, this leading to increase dose on target but sparing normal liver tissue.
In conventional radiotherapy, patients generally receive the treatment in 35 to 49 days (5-7 weeks) and 5 consecutive fractions per week with daily fraction of 2Gy. Because the longer treatment period is, the more dose loses. Toya [31] thus suggested that it should be more appropriate for HCC-PVTT patients treated with radiotherapy in shorter period. For SBRT treatment in the present study, all patients received the treatment in 6 to 13 days with daily fraction of 2.6 -6Gy and 6 fractions per week. Whereas fractional dose was higher than the conventional radiotherapy, the treatment period was also much shorter. However, there are certain limitations in this study due to the nature of a retrospective study. For example, the schedules of treatment were mainly determined by progression of the disease. Additionally, the relation between the dose and the liver volume did not study in this work also. Therefore, the well-designed prospective studies might be required to define the role of individual SBRT in treatment of HCC-PVTT.
Conclusions
-ray SBRT may be a safe and effective therapy in patients with HCC-PVTT who are contraindicated to other treatment modalities. It warrants further attention in HCC-PVTT.
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